Biology of the Adrenal Gland Cortex Obviates Effective Use of Adeno-Associated Virus Vectors to Treat Hereditary Adrenal Disorders.
Congenital adrenal hyperplasia (CAH) is an autosomal recessive disorder occurring in 1:10,000 to 1:20,000 live births. In >95% of the cases, CAH results from mutations in the CYP21A2 gene, encoding the adrenal steroid enzyme 21-hydroxylase (21OH). Cardinal phenotypic features of CAH include genital ambiguity and sexual precocity, and in severe cases, neonatal salt loss and death. Current standard of care consists of lifelong oral steroid replacement to reverse the cortisol deficiency. Although significant advances in the treatment of CAH have been made, the burden of a lifelong therapeutic intervention is not ideal for quality of life. Gene therapy for CAH by adeno-associated virus (AAV) vectors has been shown to efficiently transduce the adrenal cortex, restoring normal steroidogenesis in the short term. However, adrenocortical cells are continuously renewed by stem cells located at the adrenal capsule, which differentiate as they centripetally migrate towards the adrenal medulla where they undergo apoptosis. In this context, we hypothesized that AAV-mediated genetic correction of the adrenal cortex will work short term but will eventually lead to a loss of correction. To test this hypothesis, we administered intravenously an AAV serotype rh.10 gene transfer vector (AAVrh.10-21OH-HA) to 21-hydroxylase deficient mice (21OH-/-). The data demonstrates that a single intravenous administration efficiently transduces adrenocortical cells leading to 21OH-HA expression and restoration of normal steroidogenesis. However, the duration of therapeutic efficacy lasted for only 8 weeks, accompanied by loss of 21OH-HA expression in the adrenal gland. Analysis in immunodeficient mice confirmed that the disappearance of transgene expression was not due to an antiviral/transgene immune response. Taken together, these results demonstrate that a single treatment with an adeno-associated viral vector expressing a functional copy of the mutated gene can only transiently treat adrenocortical hereditary disorders and that strategies to genetically modify the adrenocortical stem cells population will likely be required.